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ON A VE-7 AIRPLMNE

By FRED E. ‘WEICIC

SUMMARY

An adjustable blade metal propeZlerwas tested atfire di~erent angle se~tings,forming a series
varying in pitch. The propeEer was mounted on a VG7 airplane in the Twenty-Foot PropelZer
Research Tunnel of the Natimul Advisory (%nmitiee for Aeronautics. The ej%iencies were
found to hefrom 4 to 7 per cent higher than those of standard wood propelZemoperating under the
same conditions. The results are gicen in conrenientfomafor use in selecting propellersfor aircraft.

INTRODUCTION

It has been known for some time that, in generaI, thin mehd propellers are somewhat more
efficient than wooden ones. ActuaI comparative values ha~e not, however, been available. The
present fulI-scaIe tests on a series of metsl propellers give, for the first time, data on the aero-
dynamic characteristics of fukize metal propellers, and make possible a direct comparison
between the metal propellers and a series of -wooden propellers tested under the same conditions.

from hub :
toi$p .v-

FIG I.—>Ietal bkide for 9 ft. diamekr propelIer. Right imnd. h’o. 4412

A two-bIaded adjustable pitch metal propeller was tested at five different bIade settings,
giving h_reaIity a series of propeHers varying in pitch. Since each bIade as a whole w-asrotated
in the hub to the desired setting, all of the angks along the blade varied khe same amount, so
that the pitch did not change unifordy. It is, however, common practice to design dekchable
bIade rnetaI propeHers with a certain distribution of blade angles and then turn the blades
to any pitch required for a particukr airplane, thus facilitating production.

The tests were made on a Vought VIZ-7 airplane with a 180 HP. Wright E–2 engine, in the
Twenty-Foot PropeLler Research TunneI of the h~ational Advisory Cow”ttee for Aeronautics,
at Lan-gley Field, lTa.

METHODS .4ND APPARATUS

The propeller bIades and hub used in this investigation were furnished by the NTavy Depart-
ment. The bIades -were made of aluminum alIoy, according to the drawing in Figure 1. The
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hub to which they were fitted was of steel, and in order to save weight, had been made 1 inch
shorter than the hub for which the blades had been designed, so that while the drawing shows a
9-foot propeller, the diameter in these tests was actually 8 feet 11 inches. The pitch distribu-
tion was unusual and is worthy of note. With the blad}-set at 13° at the 42-inch radius, the pitch

from the 36-inch radius to the tip had the approximately uniform value of 5 feet. From the
36-inch radius toward the hub it gradually reduced so that at the 18-inch radius it was only 4.5
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FIG. 2.—Elevational and plan views of the VE-7 al? plane

feet. The center line of the propeller, as mounted on the airplane, was 5 inches from the
front of the radiator.

The propeller research tunnel k of the open-jet type with an air stream 20 feet in diameter
in which velocities up to 110 M. P. H. can be obtained. A compIete description of the tunnel,

balances, and other measuring devices is given in reference 1.
The VE–7 a+plane (fig. 2) had a span of 34 feet, so that when mounted in the air stream

the wings projected approximately 7 feet into the relatively still air of the experiment chamber.
Figure 3 shows the airplane mounted in the tunnel.

c
It is considered that a sufficient portion of
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the wing structure was in the air skream to include all parts ~hich would be Muenced by or
react on the propelIer.

-..

The VE-7, as mounted in the tunnel, had incIosed withti it a special steel skeIeton fuselage
with a buiIt-in dynamometer, including a ToIedo scale, to measure the engine and propeIler
torque directly. (Refe.renee 1.)

The revolution speed of the engine was measured by means of a special calibrated EIgin
chronometry tachometer, and the veIocity of the air stream was obtained by means of calibrated
static plates in the return pass~~es Ieding to a manometer in the experiment chamber.

In order to know the pitch of the propellers whiIe in operation, the deflection of one blade
was measured at the 42-inch radius by means of a telescope mounted on a graduated base
and sighted on first the leading and then the trailing edge. This was done while the propeller
was standing stfi and then was repeated for each test poirit whiIe the propelIer was running.

F~G. 3.—VE-7 airplane mounied k Propelk Research TunneI

The resultant horizontal force of the propeller-body combination, which may be either a
thrust or a drag, was measured on the re=gkr thrust balance. (Also described in reference 1.)

This resultant horizontal force, B, may be thought of as composed of three horizontal com-
ponents, such that

E=T–D– AD,
where

T= the thrust of the propelIer whiIe operating in front of the body (the tension in the
crank shaft).

D= the drag of the airpIane alone (without propeIIer) at the same air velocity and
density.

AD= the increase in drag of the airplane with propeller, due to the slip stream.
In order to obtain the propulsive efficiency, which includes the propelIer-body interference,

an effective thrusfi is used, which is defined as

Effective thrust =T– AD = 1?+ D.
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FIG. 4.—PropelIer 4412 (11° at 42”) on V-E-7 airp!ane
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FIG. 6.—PropeI1er 4412 (19° at 42”) on VE-7 airplane
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The propulsive efficiency, then, is the ratio of the usefuI po~er to the input power, or

Propulsive efficiency =
effective thrust x velocity of advance .

input power

‘Phis propulsive efficiency includes the increase in drag of all parts of the airpkne affected by
the slip stream and ako the effect of the body interference on the propeller thrust and power.

RESULTS

The observed data points are plotted in Figures 4 to 8, incIusi~e. They are reduced to
the usuaI coefficients of thrust, power, and propulsi~e efficiency,

~ =Effective Thrust
T pn2D4 y

~P= Input power
pn3D5 ‘

Effective thrust X velocity of advance~=
Input power

?

w-here D is the propelIer diameter and n represents the revolutions per unit time. Since the
coefficients are dimensionless, any homogeneous system of units may be used.

I I [ / 11III

&
FIG. 7.—Pr0pelIer 4412 (23” at 42? on. WE-? 8L-pIane

of the propeIler blades at the 42-inch radius, which were meas-
are also pIotted in Fiawes 4 to 8. The bIades deflected so as to

The anguIar defections
ured for each test condition,
increase the pitch for all cases excepting the 15° set ting. For that setting the deflection read-
ings are evidently erroneous, and have been omitted. For all excepting the 15° setting the

twist in operation is greater for the lo-iv pitches and the lo-iv values of ~=. With the highesk
v

pitch setting there is practicality no tmist at any &D.

The curves of thrust coelllcients against&D are given for all of the pitch settings b Figure

9, and similar sets of curves for the power coefficients and efficiencies in Figures 10 and 11,
respectively. The curv-es for the various pitch settings form regular series with no unusuaI
features, except for the propulsive eftlciencies -which are slightly higher than might have been
expected from model tests.



526 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

.[0 1 v
r+-! CT+—+

K I r,@ F f~h
1“’i

.8

x I

.08

l\ I II I

.06
*’ ‘{ \l+.

‘k
/ /2 .i74 , i [

L ,J_j.J.,,_ “ ,1 ~● _’‘+\—. . . +
o

. 0
Deie&of$J “’ “

\
‘<

+20
.2 .4 .6 .8 Lo t!2 I!4 M

v

2°

o“

-2”

FIG. S.–Propeller 4412

.10

.08

.06

c?

.04

.Oz

L , !

o ..2 .# ‘ .6 .8 Lo L2
77

nm
(27° M 42”) on VE-7 airplane

. [0

\ \ I
l-v +

.08

\

.06 \
\ P@* \

Cp \ \

.04— — = — — — ‘‘ ‘t%. \

> .
\ ,

\ +0
\

.02 \
\

//0 \
\

\\\ \

\

\
o .2 .4 .6 ~ .8 Lo /2 f.+f

Fm. 9,—PropelIer 4412 on

r

3 a
VE-7 airplane. Thrust coefficients FIG. 10.—Propeller 4412 on VE-7 airplane.

.8

.6

v

.4

.2

0
v

Power cocfdcimrts

m
Fm. 11.—PropeIIer 4412 on VE-7 afrpkane. Efficiencies



TESTS OF METAL PROPELLERS 527

COMPARISON WITH WOOD PROPELLERS

In Fiome 12 the efficiencies of these ihin-bladed metal propellers are compared with
those of a series of three wood propellers mrying in pitch ratio. The wood propellers were
of h~avy form with uniform pitch, and had pitch ratios of 0.6, 0.7, and 0.8. They were tested
(Reference 2) on the same T?E-7 airpIane and under the same conditions as the metal prope~ers.
The efficiencies are plotted against the coef6cient

/
~

~~= ~ PE21

where P represents the power absorbed by the propeller. Propellers operating at the same values
of Cs are fuElling the same requirements of power, velocity, and re-roMions, and are therefore
on a fair basis for the comparison of efficiencies.

Figure 12 shows that the rnetaI propellers are from 4 to 7 per cent more efEcienti than the
wood propellers under the same operating conditions.

USE OF RESULTS IN DESIGNING PROPELLERS

The results of these tests maybe used to seIect the besti diameter and pitch setting of propel-
lers of geometrically similar form, to fulfill certain requirements on an airplane having proportions
and shape similar to the VE-7. The selection
can be performed very easily by means of
Figure 13, ~ ~~ch the eficienciw and .6

~D for the various pitch settings arew.lues of

pIotted against the coefficient Ck. It is erely -6
necessary to (1) c-alcuIate the mlue of ds for ~
the power, revolutions, and forward speed at .4
which the propeIIer is to operate, (2) choose
the pitch setting for the propelIer operating I

!i 5°0+.~Zf&rard.
l\

at. the desired portion of the eflicieney curve, ..2
!JOJ i I

(3) tid the ~~ for the above G arid pitch
I Vfl’ I I

setting from the lower curves, and (4) o .4 .8 L2 L6 2.0 2.4
c~

~o~fig $~~ n, and F, calcuIate D. FIG. lZ.-Comparism of ticiencit% of wood and metal propeltem

If the diameter of the propeller is fixed to start with, ~ is also fied, and the pitch setting
T-

ean be found directly from the curves of ~~D vs. (2s.

E&mnple.-A propeller is to be selected for a.n airplane simiIar in form to the VE–7. With
an engine developing 300 HP. at 1,800 R. P. M, the maximum horizontal speed is expected to be
150 M. P. H.

(1) h engineering units,
.638 X M. P. H.

Os= HP% xR. P. hf.%

.638 X 150
‘3.13X20.05
= 1.52

The dues of HP% and R. P. M.% can be easily obtained from scales provided for the purpose
in Figure 14.

(2) It wiJ.Ibe assumed that it is desirabIe to have the propeller operate at its maximum
efficiency at the high speed of the airpIane. Then from the upper or efficiency cumes of Figure
13, it will be seen that a setting of 19.5° at. 0.75 of the tip radius satisfies this condition (i. e., the
eficiency curve for ihti-19.5° setting peaks at OS= approximately 1.52).

—

-

—
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(3) Fronlthe lo\vercur\7es tiFigure 13, for 0~=l.52and asetttigo fl9.50,~)=O.7i.

(4)
~= 88x M.P.H.

()
R. P.M. :~

88X150
‘1,800x0.77

=9.52 ft.

I

.8 /

\
~ “m “o

\ “*e ‘U-Q
,6 ,-= \

D
v

o
0
+. \

.4 h~ “A
w
5.
-u

1 -i
m

,2
a

o

.

/.2

/

f.o

.8 / // /

v 1
3

.6

.4 .

.2

Q .4 ,8 1.2 16 2.0 2.4 2.8
Cs

Fm, 13.—Workingc hartforseleetfngs imilarpropelIers

1000 4
900

800

700

600

500

[.

~3.5

+00

300

/50

70

..—

.———.~

. . -

5000 30

T4500 -

I
28

4000

3500 2’6

3000
24

2500
~

22
R $

2mo

20~
/700

!500

[8
/300

t

500 12

L10
FIG. 14.—Scales for finding HPl/$and R. P.hl.tl:

The propulsive efficiency, which includes the increased drag of the parts of the airplane
in the slip stream, is .83.

In case the diameter were fixed from the start at, say, 9 feet, the&D would be fixed at

v 88 XM. P. H.
TzD=R.P.M. xD

_88x150
‘1,800x9

=.815>
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Then from the Iower curves of Figure 13, for (&= 1.52 and ~ =0.815, the blade angle should

be set to 22.0° at. 0.75 tip radius.
In the application of these results to the seIection of a propelkr for an riirplane it is essential

that the actual brake horsepower of the engine under flight conditions be used in the formuIa for
Cs. The power dewloped by an engine in service is likely to vary wideIy from the power dewl-
oped under ideal conditions on a dynamoraeter. In a series of 15 flighbperformance tests, in “
which the powers absorbed by the propellers w-ere calculated on the basis of bhe present fuU-scaIe
wind-tunneI test data, the computed power averaged about 90 per cent of that credited to the
engines by the dynamometer tests on similar engines.

CONCLUSIONS

1. The efficiencies of this series of metal propellers range from 4 to 7 per ceut higher than
those of standard m-ood propellers operatkg under the same conditions (tip speeds up to 800
feet per second).

2. The efficiencies of the metaI propellers were rather high, reaching 86 per cent for the
highest pitch setting, and were apparently not adversely affected by the pitch distributions
obtained by turning the whole blade as a unit.

3. The results of the tests, as presented, may be conveniently used for the selection of a
propeller to gi-ve a certain performance on airplanes simiIar to the YE-7.

LANGLEY MEMORIAL ilEROXAUTICM lhBoRATORT,

hTAT102i-AL~DVISORY CO MMIT”TEE FOR ~EROh~AUT1cf+

L.AXGLEY FIELD, VA., July 13, 19.28.
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TABLE I

P
p’

w. P. H

80.7
81.4
85.1
85.0
9-4,5
90.7
99.0
99.4
99.3
99.3
99.1
98.8
99.0
98.8
98.5
98.5
98.0
97.6
97.5
98.1
98.8
75.5
75.1
68, 5
68.7
64.6
64.3
58.9
58.9
20.0
19.9

L LM

1820
1825
1845
1855
1910
1895
1940
1940
1900
1835
1805
1730
1695
1645
1600
1545
1505
1435
1385
1325
1285
1865
1870
1845
1845
1815
1820
1800
1800
1735
1740

METAL PROPELLER ON VE-7

(PROP. No. 4412)

(BLADE ANGLE 11° AT 4211r.)

Q
lb. ft.

372
382
377
377
368
373
362
363
343
296
280
237
213
187
15!3
135
112
77

%
7

427
426
435
436
435
435
437
437
449
450

1:.

428
438
425
423
386
401
370
371
337
277
254
200
167
131
94

::

– 2:
–59
–81
533
529
562
562
578
581
604
604
839
837

0.0319
.0325
.0308
.0302
.0262
.0276
.0244
.0245
.0232
.0204
.0194
.0166
.0145
.0121
.0091
.0067
.0044
.0002

–. 0030
–. 0084
–. 0122

.0381

.0375

.0410

.0410

.0437

.0435

.0462

.0462

.0688

.0684

Cp

.0167

.0154

.0151

.0139

.0131

.0123

.0110

.0100

.0087

.0066

.0052

.“0027

.0007

.0216

.0215

.0225

.0226

.0232

.0232

.0237

.0237

.0262

.0262

0.440
, 441
.457
.453
.491
.474
.505
.507
.517
.535
.543
.565
.578
.595
.609

::::
.673
.696
.733
.761
.401
.397
.368
.3685
.352
,350
.324
.324
.1143
.1134

v

0.713
.716
.730

: ;;!
. 7J7
.731
.734
.718
.709
.696
.676
.638
.591
.507
.421
.325
.023

.-------

.-------
--------

.707

.692

.670

.670

.663

: ::;
.632
.300
.297

Dcf. at
12{’ Rad
degrees”’

+2. 4
2.2
2.6
1.3
1.0

H

1: ?

::

.?

::

::

.:

+::

~:;

1:0

H
1, 5
L 5
1.1
.9

\
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TABLE I—Continued

15° AT 42”

531

P

~
M~H R. ;- M. lbQft T. . . . .

l-” lb- C’ c’ ‘“ q ‘:gi’
O. 0023’70 82.1 1655 496 527 0. 046g O. 0312 0-492 0.737 –o. 1
.002370 82.1 1655 528 .0468 .0315 .492 .734
.002370 86.3 ~&y3 i i:!

16S5 i 464
407 . 035s .0306 .514 .601 —7 2

.002365 95.6 460 .0394

.002360 L6so ! 459 448 -
. 02s2 .562 . ~S6 —. 6

95.5 03S8 .0279 .562 . iss 6
.002360

—.
99.2 1710 ~ 461 447

1705 t 462
.03’73 .0272

.002360
.574 . ~ss —- 4

99.1 446 .0374 .0274 .575 i S6 6
.002355 9% 9 1635 396 364 .0333 .0256 .600 : 7s0 29
.002355 98.8 1600 372 342 .0327 .0252 .612 . 7s3 –. s
.002355 9S. 6 1555 336 306 .0309 .0240 . 6~s

.002355 9s. I
.806 –. 6

1505 296 279 .0302 -0226 .645
. oo235~ 98.4

. S62 –. 2
149.5 2s6 250 .0272 .0221 .652 . S03 J_

. 0+32355 9s. 1 1435
r.

243 196 .0233 .0204 .677 .773 –.

.002350

:

9s. 4 1465 264 217
.002350

. 024S .0214 .665 .770 3
9s. 3 1395 216 171 .0213 .0193 . ~99

.002350 98.3 1365 196 14s .0195
.771 -Z1

. 01s2 .:12 . ~9

.002350
—. 3

9s. o 1325 171 127 .0177
. 0Q2350

.0169 .:33 . i66 —.
97.8 12s0 141 92 . 013s .0149 .:57 .700 ;

.002350 97.8 1225 10? 57 .0093 . 011s . /91

.002350
.626 ~: 3

97.4 1145 56 “ .0010 .0074
.002350

. S42 .1071 —. 2
97.2 1110 41 — 1? 005s

. ~02350 97.3
. S64 !___________ –. s

1060 –36 ---::!?:--- : 0014
.002350

910 ---------- –. 7
97.0 990 –2: –72 ---------- ------------ ____:-iiG__ _.-:7i5___

.002360
3

81.1 - ~g~ 537 . 04s4 0316 ~:. 1
.002360 ;;; I ::& 497 541 .0478 :0311 . 4s4 .743 2
.002360 1640 511 576 .0523 . 032S .457 .729 ❑: 3
.002360 75:7 1645 511 574 .0517 .0326 .456 .723 4
. @32360

—.
69.6 1605 506 5s9 : :;$ .0339 .429 .706 J_

.002360 69.5 1605 509
L.

5S8 .0341 . 42s .699 –. :
.002360 66.1 160.5 515 5ss .0557 .0345 . 40s .659
.002360 65.2 1595 511 605 . 034s .405 .677 —-l ;
.002360 56.0 1565 515 p; ~ :;! ; p; .354
.002360 56.9 15s0

. .621 –. 3
517 .356 , .633 –. 4

.002370 20.1 156.5 521 S53 . 0s47 . 036S .135 .311

.002370 20.1 1565 5’21 842 . 0S36 . 036S .135 . 30s -I-?_-

-
-—

.-
—

.-

-
.-

—.

-

—
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TABLE I—Continued

19° AT42r’

P

.002340

.002340

.002340

.002335

.002335

.002335

.002335

.002335

.002330

.002330

.002330

.002325

.002325

.002325

.002325

.002325

.002325

.002325

.002335

.002335

.002340

. :::)::

.002340

.002345

.002345

.002350

.002350

M.;.H. R. ? M. lb?ft. 1$.

-1 I l—-—l-l-
82.0
82.2
87.0
86.9
95.5
95.4
99. ‘7
99.3
99.5
99.2
99.3
99.1
98.4
98.9
98.5
98.7
97.9
98.5
98.4
97.9
97.8
97.8
97.8
97.1
74.5
74.7
70.2
70.5
62.9
62.7
52.7
54.2.
19.5
19, 2

1495
1495
1465
1430
1400
1365

‘1325
1295
1200
1250
1120
1195
1145
1040
1000
945
880

‘1375
1370
1375
1380
1375

517
517
527
529
525
525
522
523
502
467
438
412
367
330
255
292
187
244
202
127
97
;:

–4
527
532
537
537
547
5479
547
549
547
542

481
481
4.86
483_
462
464
460
457
431
392
358
340
291
;;:

210
11s
17i
145
78
48
17

–17
–30
511
522
540
543
568
564
615
609
736
736

0.0594 0.0455
.0594 .0455
.0585 .0448
.;;;; I .0447

.0425
.0525 .0420
.0507 .0407
.0503 .0407
.0494 .0407
.0471
.0450 : w;
.0451 .0386
, 0407 .0366
.0377 .0344
.0319 .0309
.0332 .0326
.0231 .0260
.0296
.0273
.0179
.0118
.0047

–. 0054
–. 0100

.0654

.0664

.0692

.0695

.0738

.0734

.0300

.0270

.0210

.0170

. 009s

.0034
–. 001’4

.0477

.0476

. 048S

. 048S

.0504

.0504
.0804 .0507
.0791 .0502
.0950 .0502
.0955 .0498

1’
nD

O. 578
.579
.602
.599
. 645_
.640
.664
. 65S
.673
.687
.702
.719
.734
.754
.813
.781
. S61
.819
.851
.931

1: %:
1.1055
1.1235
.531
.530
.502
.507
.453
.452
. 3s1
.390
.1400
.1385

Def. at
v 42” Rad.

degrcm

.799

.826

.814

.815

. Sll

.809

.841

. 81S

. S2S

. 83S

.796

.766

~---------
{. ::
~

:;
I

L o

I j
i

I .4
0

.810 f

.S63 ~ +:;

.806 , 0
0

:~;~ 1. –.6
–1.636 –.3

–. 800
.726
.740
.717
.719
.663
. 65S
.603
.616
.266
.266
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TABLE I—Continued

23° .m 42”

P

O. 002360
.002360
.002355
.002355
.002355

.002340

.002340

.002340

.002340

.002340

.002350

.002350

i. ~. H

81.2
81.0
87.6
W= 3
96.0
95.5
99.5
99.5
97=5
97.7
9s. o
9s. 5
98. s
99.1
96.2
99.6
99.5
99.0
99.5
9s. 3
9s. s

100.0
100.0
99. ii

100.5
9s. 3
75.0
74.6
69.1
69.4
64.5
65.1
61.6
60.5
18.5
17.7

, P. M
L.

1230
1230
1235
1250
1275
1275
1290
1295

------
750
S25
875
890
975
935

1025
995

1055
1170
1135
1090
1195
1235
1265
1290
925

1215
1215
1210
1210
1205
1205
1200
1205
11s0
11s5

Q
lb. ft.

546
54Z
539
544
542
542
539
541

-----
7

1%
123
I 92
175
238
213
277
397
367
307
LQ2
467
502
532
147
537
537
537
536
537
537
537
539
537
538

If.

452
453
436
436
419
41s
413
412

–21
–14
+27

54

1:;
101
151
131
1s1
282
249
201
305
344
374
413

4%
463
475
478
498
499
512
513
547
548

C!r

O. 0732
.0733
.0704
. 06S5
.0635
.0630
.0611
.0605

---------
–. 0063

. 009s

.0173

.0201

.0290

. 02S3

.0355

.0327

.0402

.0509

.0476

.0421

.0528

.0561

. 05s0

.0618

.0243

.0777

.07’78

. 0s01

. 0s05

. os46

. 0s5s

.0875

. 0s70

. 096S

.0962

Cp

O. 0625
.0625
.0616
.0604
.0577
.0577
.0562
.0562

.0022

.0173
-0244
. o~~l
.0350
.0348
.0407
.0375
.0436
.0509
.0500
.0452
.0519
.0538
.0550
.0562
.0302
.0638
. 063S
.0642
.0642
.0645
.0645
.0648
.0643
.0670
.0666

O. 653
.:52
. {01
.690
.745
.741
.163
. (61

--------
L 290
1.175
L 115
L 105
L 005
L 025
.963
.990
.930
.843
.866
.898
.830

801
:780
.771

L 050
.612
.615

565
: 56S
.530
.534
.508
.498
.155
.148

0.763
.763
.801
.783
.820
-810
.831
.820

--------
–. 378

.664

.794

.816

.834

.834

.840

.864

.858

.843

.824

.836
- g~6
.836
.823
.849
.862
.745
. ~50
. L07
.713

695
:711
. 6S6
.668
.224
.214

Def. at

$2” Rad.,
degrees

+0. 8

.:

.6

.0

.2

+:;
—. 2

:::
.5

+. 3
—. 3
~
,.

.:

.2

.;

.6
9—. .

+. 3
.2

—. 7
—. 3

.0
—. 2
J_
1.

.:

.;

.8

.4

.s

.3

.5

— .—

—
.—

—
–—

.-

—

—
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P

O. 002325
.002325
.002325
.002325
.002320
, 002320
.002315

.002317

.002317

.002317

.002317

.002317

.002325

.002325

v
M. P. H

81.2
80.9
86.1
86.1
95.1
95.4
99.5
99.5
99.1
99.3
99.0
99.3
98.7
98.6
98.3
98.1
97.9
97.3
97. s
97.8
98.3
75.0
74.5
67.8
67.8
645
64.2
54.1
55.0
14.2
14.2

L [M.

1075
1075
1085
1090
1115
1120
1130
1130
1105
1065
1020
1000
960
920
855
820

-780
730
680
630
885

1075
1075
1075
1075
1070
1065
1080
1080
1010
1010

lbQft.

537
534
537
537
538
538
539
539
516
457
412
382
333
289
215
179
137
97

::
247
541
537
537
535
536
536
542
542
535
538

TABLE I—Continued

27° AT42°

l:,

388
386
380
379
361
361
356
357
337
289
251
231
195
164
118
91

%

–2:
138
408
408
418
420
424

%
435
402
402

O. 0832
.0829
.0800
.0792
, 0721
.0714
.0694
.0695
.0688
.0634
.0606
.0577
.0528
.0484
.0403
.0340
.0246
.0183
.0038

–. 0126
.0440
.0881
.0881
.0900
.0904
.0920
.0934
.0936
.0929
.0975
.0951

(2P

O. 0817
.0813
.0801
.0793
.0762
.0754
.0745
.0745
.0743
.0711
.0700
.0676
.0640
.0603
.0520
.0472
..0398
.0322
.0150

–. 0036
.0560
.0828
.0817
.0817
.0816
.0828
.0830
.0817
.0817
.0921
.0907

v
a

O. 748
.744
.785

: ;2:
.842
.871
.871
.888
.922
.960

982
1:017
1.060
1.138
1.184
1.244
1.321
L 424
1.537
1.100
.691
.686
.623
.623
.595
.595
.495
.504
.139
.138

0.762
.758
.783
, 780
.798
, 797
, 810
.812
, 821
.822
.831
.837
.839
.351
.884
.853
, 769
.750
.359

--------
. 86+
.736
.741
.687
.691
.660
.670
.:67
.374
.147
.144

Def. at
42/, ~d<,

degrees
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TABLE II

FINAL ADJUSTED COEFFICIENTS

(PROP. NO. 4412)

(BLADE ANGLE 11° at 42” r.)

0.15
.20
.25

. ;:

.40

. %

.::

.65

‘v
nll

0.15

. ;:

.30

.35

.40

.45

.50

.55

. %

. ~o

.$

v
nD

. :;): I .0214

:0250 I : %
.0186 .0147
.0116 .0118
.0041 .0097

0.372
.462
.540
.607
.660
. ~98
. ~24
. L26
.688
.590
.275

TABLE 11—Contiiued

15° AT 42”

r
I

Cr I Cp

O. 0831
.0788
.0740
.0690
.0635
.0590
.0521
.0461
.0400 .0287
.0338 .0260
.0275 .0226
.0212 .0190
.0149 .0154
. 00s1 .0112

0.336
.416
.487
.555
.611

:2:
745

: ~66
. /80
.790
. 7s1
.725
.578

TABLE H-Continued

19° AT 42”

O. 0948
.0922
.0896
.0861
.0826
.0785
.0741
.0691
.0639
.0581
.0520
.0455
. 03s9
.0322
.0259
.0194
.0131
.0070

(7P

0.0503
. 050s
.0510
.0510
.0510
. 050s
.0501
. 04s9
.0469
.0445
.0419
. 038S
.0352
.0313
-0271
.0230
.0186
.0136

0.283
.363
.440
.506
. 56S
.619

666
.708
:750
.785
.807
. S20
.829
.823
.812
.759
.669
.515

Cs

0-309
.416
.521

631
: 744
.864

1: ?;;
L 279
L 458
1.644

Cs

0-295
.385
.482

5s0
:679
.783
.891

1.002
L 118
L 248
L 388
L 546
L 726
1.96

Cs

O. 269
.364
.454

: %:
.727
.819
.914

L 012
L 118
1.227
1.340
L 465
L 600
1.750
L 912
2.11
2.36
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TABLE 11—Cmtinued

23° ~~ 42”

T’ CT CP ‘f) (7s
@

0.15 0.0969 0.0669 0218 0.257
.20 .0963 .0666 . 2m” .344
, 25 .0959 .0663 .361” - .431
.30 .0950 .0660 .432 .516
.35 .0940 .0658 .500 .603
.40 .0926 .0654 .567 .690

0905 .0650 .626 .779
. % : 0876 .0649 .675 .864
.55 .0832 0645 .710 .952
.60 .0787 :0639 740 1.040
.65 0736 j .. 0626 :765 1.131
.70 \ :0682- ‘ .0603 .792 1.236
.75 i .0623 .0573 .815 1.329

:; I ::: :% :;: :g
1“

0372 :0418 :845 I: 790~.~ i :
0310 1 .0369 .840 L 936

1.05 1 .0249 .0319 .819 2.09
1.10 .0186 0264 .776 2.27
1.15 .0122 ~ :0209 .671 2.49
1.20 .0060 ! .0152 .474 2.76

TABLE 11—Continued

2?7° .k~ 42~’

v
~r :

+-

cp— Cs
k%

7

0.15 0. ~)~~ i O. 0911 0.158 0.240
, 20 !. 0890 215 .324

:0950 ! .0869 j :274 .409
. % . 0944 I .0850 ‘ .333 491

0940 ! .0834 .394 .576
. :; : 0934 [ .0821 .455 .660

0932 ; .0814 .516 .744
. % : 0930 .0812 .572 .826
.55 .0930 .0817 .626 .908
.60 .0925 .0821 .675

.0900 .0823 .711 1: %;
.:: .868 . 0820 .741 1.154
.75 .826 .0819 .758 1.237
, 80 .776 .0789 .788 L 330
.85 .721 .0761 .805 1.425
.90 .666 .0729 1.520

610 .0694 :%; I. 620
1: % :552 .0655 .844 1.726
1.05 .497 .0611 .855 1.835
1.10 .439 .0560 .862 1.958
1.15 .380 .0507 .861 2.08
1.20 .319 .0450 .852 2.23
1.25 .258 .0393 .822 2.39
1.30 .196 .0334 762 2.56
1.35 .132 .0271 :658 2.77
1.40 .0068 .0202 .471 3.05

—.


